Introduction
reported on a family in which several members were found to be polycythaemic and heterozygous for a haemoglobin variant (Hb Chesapeake a 92 Arg-Leu) which had a higher affinity for oxygen than Hb A. Subsequently, 11 other high affinity haemoglobins which cause familial polycythaemia have been discovered (Botha et al., 1966; Jones et al., 1967; Rucknagel et al., 1967; Reed et al., 1968; Adamson et al., 1969; Bronberg et al., 1971; Hayashi et al., 1971; Boyer et al., 1972; Stamatoyannopoulos et al., 1973; H. Ranney, personal communication, 1973) . All except one, Hb Olympia (Stamatoyannopoulos et al., 1973) , were separable from Hb A by electrophoresis.
We report the finding of such a haemoglobin variant in an English family (Hb Heathrow ,3 103 (G5) Phe-Leu) . It is the first to be found in this country, and like Hb Olympia does not separate from Hb A by routine electrophoresis. Further, the mutation is unusual in that it does not obviously affect the subunit contacts of the haemoglobin molecule involved in the preservation of normal oxygen affinity, but occurs in the haem pocket. It is of much interest that this particular mutation in the haem pocket alters the residue in position (G5) back to that found in myoglobin.
Methods

GENERAL METHODS
Routine haemotological indices were measured using standard techniques (Dacie and Lewis, 1968 8-6 (Smithies, 1959) . The red cell and plasma volumes were determined using 51Cr and I25I-human serum albumin. The oxygen affinity of the haemoglobin was measured using whole red cells at pH 7-4 (Bellingham and Huehns, 1968) . The a-and ,8-chains of the haemoglobin were separated according to the method of Clegg et al. (1966) and preparative chromatograms and amino-acid analysis of the tryptic peptides of the chains were carried out using standard techniques (Lehmann and Huntsman, 1973 
Discussion
In the past three years major advances have been made in the understanding of the structural differences between the oxyand deoxy-conformation of haemoglobin (Perutz, 1970 globin. The replacement of this important contact by the smaller side chain of leucine would make this change in tilt more difficult, and as a result the molecule would tend to have the conformation of oxyhaemoglobin rather than deoxyhaemoglobin. It is noteworthy that whereas phenylalanine in this position is invariant to the polypeptide chains of Hb A, leucine occupies this position in myoglobin, which is a high affinity haem-protein. One can understand why myoglobin (a monomer), unlike haemoglobin (a tetramer), has a hyperbolic rather than a sigmoid oxygen dissociation curve but this, in itself, only partly explains its high oxygen affinity. The finding of the same single mutation in Hb Heathrow might help to clarify this point.
PHYSIOLOGICAL COMPENSATION
The main functional implication of an oxygen affinity curve which is shifted markedly to the left is that it hinders the delivery of oxygen to the tissues. For a given fall in oxygen tension from arterial to venous blood Hb Heathrow will release much less oxygen than will normal Hb A. fig. 3 . The actual values for the arterial and central venous oxygen tensions measured in our patient are used. The curve on the right shows that in a subject with Hb A at a concentration of 14-0 g/100 ml and a normal P50 of 26 mm Hg the arteriovenous oxygen content difference (excluding dissolved oxygen) would be about 4 8 volumes per 100 ml. The middle curve shows the hypothetical situation of a subject with the same concentration of haemoglobin but with a P50 equal to that of our patient. The arteriovenous oxygen content difference would be about half. The curve on the left shows that the increased oxygen carrying capacity in our patient enables him to have a higher arterio- venous content difference for the same fall in oxygen tension. Nevertheless, even if the dissolved oxygen is included, this difference is still only 3-25 volumes per 100 ml instead of the normal value of 5 volumes per 100 ml. The deficit appears to be made up by a raised level of his cardiac output. However, the low non-respiratory pH of his blood indicates a significant degree of anaerobic metabolism, which implies that, even at rest, the patient is incurring a small oxygen debt. It should be added that, particularly in view of the history of myocardial infarction in this patient, it was felt that he would benefit from occasional venesection to reduce the P.C.V. to a level just below 60%. The rationale for this is that above a P.C.V. of 60% the viscosity of the blood becomes markedly increased (Harris and Kellermeyer, 1970) . Indeed, after venesection of two units he felt better. However, since our results indicate that the increase in red cell volume is one of the most important compensatory mechanisms for the high affinity of his haemoglobin, the benefit gained by its reduction remains to be assessed.
FREQUENCY OF HIGH AFFINITY HAEMOGLOBINS
About 15-20% of patients with polycythaemia rubra vera have a normal leucocyte count and platelet count, and the diagnosis is made by a process of exclusion of the various causes of secondary polycythaemia (Szur et al., 1959; Szur, 1972) . In about a third of these patients there is also no clinical evidence of splenic enlargement and it is in this group in particular that a search for carriers of high affinity haemoglobin should be made. While at present abnormal haemoglobins are a very rare cause of secondary polycythaemia, it seems likely that their incidence is underestimated. This is well shown by the family reported here. It must be emphasized that routine electrophoresis is of limited use in that it does not measure the function of haemoglobin and it is therefore important that patients with an unexplained polycythaemia should have the oxygen affinity of their red cells measured.
